Context. Detection of magnetic fields has been reported in several sdO and sdB stars. Recent literature has cast doubts on the reliability of most of these detections. The situation concerning the occurrence and frequency of magnetic fields in hot subdwarfs is at best confused. Aims. We revisit data previously published in the literature, and we present new observations to clarify the question of how common magnetic fields are in subdwarf stars. Methods. We consider a sample of about 40 hot subdwarf stars. About 30 of them have been observed with the FORS1 and FORS2 instruments of the ESO VLT. Results have been published for only about half of the hot subdwarfs observed with FORS. Here we present new FORS1 field measurements for 17 stars, 14 of which have never been observed for magnetic fields before. We also critically review the measurements already published in the literature, and in particular we try to explain why previous papers based on the same FORS1 data have reported contradictory results. Results. All new and re-reduced measurements obtained with FORS1 are shown to be consistent with non-detection of magnetic fields. We explain previous spurious field detections from data obtained with FORS1 as due to a non-optimal method of wavelength calibration. Field detections in other surveys are found to be uncertain or doubtful, and certainly in need of confirmation. Conclusions. There is presently no strong evidence for the occurrence of a magnetic field in any sdB or sdO star, with typical longitudinal field uncertainties of the order of 2-400 G. It appears that globally simple fields of more than about 1 or 2 kG in strength occur in at most a few percent of hot subdwarfs, and may be completely absent at this strength. Further high-precision surveys, both with high-resolution spectropolarimeters and with instruments similar to FORS1 on large telescopes, would be very valuable.
Introduction
Hot subdwarf (sdB and sdO) stars are subluminous relative to main sequence stars of the same effective temperature. They are the most common type of faint blue star in the galaxy.
The sdB stars have effective temperature T eff < ∼ 40 000 K, and generally have H-rich atmospheres. They are mostly deficient in atmospheric He, and often in several other light elements such as C, O, Mg and Al. A few of them show greatly enriched iron peak element abundances. The sdO stars have a large range of H/He abundance ratios, and show a variety of compositions. Their T eff values mostly lie between 40 000 and 90 000 K.
Both sdB and sdO stars have lost most or all of their H-rich outer envelopes, due to mass loss and/or binary mass transfer, and are now burning He in their cores. In turn, a small fraction of white dwarfs will descend from them. However, the details of how stars evolve to become hot subdwarfs, and particularly how such a wide variety of atmospheric chemistries is produced, are very poorly understood. Because many hot subdwarfs show strong atmospheric composition anomalies, which on the main sequence are frequently found in magnetic Ap-Bp stars, it is natural to wonder if some or all hot subdwarfs also possess detectable magnetic fields. The presence or absence of a field could be an underlying parameter influencing the observed surface composition, as in magnetic upper main sequence stars. If fields can be detected in hot subdwarfs, these stars could complement the main sequence magnetic stars as laboratories in which to study the operation of such processes as atomic diffusion, surface convection, internal mixing, and mass loss in the presence of global magnetic fields (Landstreet 2004 ).
More generally, strong global fields are known to occur in some hot stars (i.e. stars without deep outer convection zones and active current magnetic dynamos) on the main sequence and in the white dwarf state. Hot subdwarfs represent a possible intermediate stage between the main sequence and the collapsed white dwarf state, in which the interior of the former main sequence star is exposed to observation, and again lacks deep outer convection. Detection of a magnetic field in any hot subdwarf could be very helpful to understanding the evolution of a global internal magnetic field as the host star changes in structure due to stellar evolution. Even clear evidence that fields are not present in hot subdwarfs down to some small upper limit provides a useful constraint on theory.
For these reasons, several surveys have been conducted to search for magnetic fields in sdB and sdO stars. At first, it seemed that these surveys were very successful in detecting kG-strength fields in a number of hot subdwarfs (Elkin 1996; O'Toole et al. 2005 ), but recent work by Petit et al. (2011) and Bagnulo et al. (2012) , has raised doubts about the reliability of most of the detections. A recent survey of cool sdB stars by Mathys et al. (2012) , based on FORS2 data, reported a suspected field in only one out of ten sdB stars. Currently the situation is quite confused; it is not clear if magnetic fields are common among hot subdwarfs, or rare, or even if any have been detected at all. If any hot subdwarf fields have in fact been detected, almost nothing is known about the characteristics of the fields.
A first step is to clearly establish what is known from previous work in this field. The goal of this paper is to clarify the present situation, to establish which field detections (if any) are robust, and which are doubtful. To do this, we review the previous surveys, expanding on work already presented by Bagnulo et al. (2012) . Furthermore, we publish for the first time further field measurements of 17 hot subdwarfs carried out with FORS1. Based on a sample of 41 stars, we finally draw conclusions on the incidence of magnetic fields in hot subdwarfs.
Previous magnetic measurements
A number of searches for magnetic fields in hot subdwarf stars have been carried out, for a total (to the best of our knowledge) of 25 objects surveyed. Borra et al. (1983) used a Cassegrain filter polarimeter equipped with narrow band interference filter to measure the circular polarisation in the wings of Hβ. They were able to obtain one field measurement each of Feige 86 = BD+30 2431 and HD 149382 = BD−03 3967, but because of the faintness of the stars (V ∼ 9 − 10) and the use of only a single spectral line, the standard errors of measurement reported were about 2800 G. No significant field was detected to this precision in either star.
Spectropolarimetric observations of the sdO stars BD+75 325 and BD+25 2534 by Elkin (1996) were obtained using a classical fixed polarisation analyser on the Russian 6-m telescope to measure Zeeman polarisation in the He i D3 line λ 5876. Two hot subdwarfs, BD+75 325 and Feige 66 = BD+25 2534, were observed, and field detections at the kG level were reported for both stars. It is difficult to know how secure these detections are. Although Elkin (1996) standardised his measurements each night with observations of both a null and a polarised standard star, repeated field measurements of one of the two hot subdwarfs on a single night could vary by as much as 1 kG, which is of the same order as the reported fields. The reported standard errors of 250 G or more for the polarisation standard (53 Cam), with about a dozen sharper spectral lines in the 120 Å-wide window used, suggests that the uncertainty of field measurement using only one broader line could be of the order of 1 kG. Our view is that these reported detections certainly would need to be confirmed by further observations with a more sensitive method before they could be considered secure.
O 'Toole et al. (2005) reported field measurements of six different sdB and sdO stars (T eff between 25 000 and 70 000 K), all obtained during a single night. Each star was observed once using FORS1 in spectropolarimetric mode, and in each of the six stars a field of about −1 kG was detected, with reported uncertainties of the order of 100-230 G. Petit et al. (2011) recently published new ESPaDOnS observations of two hot subdwarfs, Feige 66, and HD 76431, in which field detections had been previously reported by Elkin (1996) Bagnulo et al. (2012) . For all six stars, the new reductions failed to confirm the reported fields. It appears to us that the problem with the original reductions by O'Toole et al. (2005) is that separate wavelength calibrations were used for the two waveplate settings of the FORS1 polarimeter, thus effectively sabotaging the possibility of using measurements from the two settings to cancel out first-order errors in the relative wavelength calibration of the two analysed beams. As discussed by Bagnulo et al. (2009) , tiny numerical differences in the wavelength calibration of the frames obtained at different position angles of the retarder waveplate may lead to noticeable spurious polarisation signals. In the present case, the residual uncertainty in the different calibrations, of order 0.03 Å, is quite large enough to introduce field measurement errors of the order of 1 kG, and this might be the reason all six stars observed appear to have very similar longitudinal field strengths. Thus Bagnulo et al. (2012) Three field measurements of the sdO star WD 1036+433 = Feige 34 were reported by Valyavin et al. (2006) , using a lowresolution spectropolarimeter at the prime focus of the Russian 6-m telescope. This instrument is conceptually rather similar to FORS1, with a resolving power of ∼ 2000, and a rotating quarter-wave plate in the polarisation analyser, thus making it possible to cancel out errors in the wavelength calibration of the two beams to first order. One of the three observations showed a magnetic field of B z = 9.6 ± 2.6 kG, significant at the 3.7 σ level The other two measurements were both consistent with zero field, although one was significant at the 2 σ level. We consider that this field detection may be correct, but because only one measurement is significant, and only at a little more than the 3 σ level, it certainly requires further confirming observations. Recently, Savanov et al. (2011) analysed the spectropolarimetric observations of the bright (B = 11. m 8) non-radially oscillating sdB star Balloon 90100001 = TYC 2248-1751-1 taken with the main stellar spectrograph of the 6 m Special Astrophysical Observatory. They did not detect any magnetic field, and their measured field value was 34 ±63 G, considerably lower than the field strengths reported for other hot subdwarfs by O'Toole et al. (2005) and Valyavin et al. (2006) .
During the course of a survey of about 60 DA white dwarfs for weak fields, made with the Steward Observatory CCD spectropolarimeter, field measurements were obtained for four sdB stars by Kawka et al. (2007) . This survey is remarkable for the number of non-detections reported, which strongly confirm that the instrument is not prone to false positive detections. No fields were found in the observations (one or two per star) of the four hot subdwarfs, with reported uncertainties in the range of 4-12 kG. Finally, a new survey of 10 cool sdB stars using FORS2 (which now has the polarimetric optics formerly installed on FORS1) has just been reported by Mathys et al. (2012) . This group standardised their observations with measurements of the magnetic Ap star HD 142070. Each star was observed between two and four times. One observation (of three) of the star SB 290 is significant at about the 4σ level, and a second is significant at about the 2.5σ level. It is quite possible that a field has been detected in this star, but, as the authors point out, their provisional detection certainly needs to be confirmed by further observations.
What is remarkable about the observations discussed above is the fact that, although apparently significant fields have been reported in a total of 10 hot subdwarfs, new measurements of only two of these stars have been reported (by Petit et al. 2011) which were able to confirm (or disprove, in this specific case) the reality of the reported field detections.
New FORS1 magnetic field measurements
Polarised spectra of 17 hot subdwarfs were obtained in service mode between March and September 2005 (one star was observed twice) with grism 600 B and a 0.5 ′′ slit width, for a spectral resolution between 1400 and 1500. Data were reduced and analysed as described in Bagnulo et al. (2012) , with the difference that we have implimented a sigma-clipping process in the determination of the magnetic field from the correlation diagram of circular polarisation against local flux derivative. The effective Landé factor was set to 1 for H Fig. 2 . The normalised fluxes of 18 stars of Table 1 for which new field determinations are presented in this paper.
Balmer lines and 1.15 everywhere else. The observing log and results are summarised in Table 1 . Successive columns list two star names, spectral type, stellar parameters mostly found from the hot subdwarf database (Østensen et al. 2010 , see http://catserver.ing.iac.es/sddb/searchcat.html), the exposure times and the peak signal-to-noise ratio per Å in the spectrum, the MJD of mid-observation, and the field strength B z and associated standard error in G as inferred from Stokes V. Null profiles (which are representative of the error of the observed Stokes profiles, see, e.g., Bagnulo et al. 2009 ) were also calculated, and the mean longitudinal field obtained from the null profile was always found consistent with zero within the error bars. A thorough discussion on this kind of diagnostic check is reported in Bagnulo et al. (2012) . An example of reduced data is shown in Figure 1 . Table 1 includes the six field measurements discussed by O'Toole et al. (2005) and revised for the present work. Note that the actual field strengths deduced from the FORS1 data for the stars observed by O'Toole et al. (2005) are slightly (but not significantly) different from the revised estimate published by Bagnulo et al. (2012) because the implementation of the sigmaclipping algorithm has marginally changed the output of our reductions, and because of slightly different choices of the effective Landé factors adopted for He and metal lines.
Two observations of the sdO star CD-22 9142, originally taken for a white dwarf observing project (Jordan et al. 2007 ), were also included in the table. One additional archive measurements for WD 0958−073 was reduced, but not included in Table 1 because the measurement, although a null, has a standard error of about 5 kG. Figure 2 shows the normalised Stokes I spectra for all newly measured stars of Table 1.
Discussion and conclusions
Considering our own data in Table 1 , together with the measurements reported in the literature, we conclude that there are no secure detections of magnetic fields in hot subdwarf stars yet, although at least three or four hot subdwarfs have reported fields that may be shown on further study to be real. Looking at the more than twenty stars discussed here, for which field measurements have failed to reveal any field with standard errors of the order of 2-400 G, we conclude that globally dipolar fields of kG strength occur in at most a few percent of hot subdwarfs. Our data are consistent with the possibility that fields so large may be completely absent from the hot subdwarfs. This result suggests that the most valuable kind of further observational survey would be one which reaches the smallest meaurement uncertainty possible for a significant number of hot subdwarfs.
The apparent magnitudes of hot subdwarfs, and the richness of their spectra, varies greatly from one star to another, but many are suitable for field measurements with uncertainties of the order of a hundred G or even a few tens of G. This precision can be reached with a variety of spectropolarimeters, including some of those discussed in Sect. 2. We believe that it is quite important to carry out substantial further surveys for hot subdwarf fields, similar to the ones carried out by O'Toole et al. (2005) and Mathys et al. (2012) , and particularly to re-observe hot subdwarfs for which field detections have been reported and not later shown to be spurious.
Such surveys of the brighter hot subdwarfs, especially those with numerous fairly sharp spectral lines, are best carried out on a high-resolution spectropolarimeter on intermediate-size telescopes, such as ESPaDOnS at CFHT, Narval at the Observatoire du Pic du Midi, or HARPSPol at ESO, La Silla. However, for fainter objects or for ones whose spectra are dominated by broad lines (e.g. Balmer lines), low-resolution spectropolarimeters, especially those on large-aperture telescopes, such as ESO's FORS2, the UAGS spectropolarimeter at the Russian 6-m telescope, or the Steward Observatory instrument have an important and valuable role to play.
